The complex mobility of hot electrons in 3C-and 6H-SiC at 300, 673, and 1073 K is calculated through the numerical solution of balance transport equations within a nonparabolic band picture. The electric field, applied along the hexagonal c axis or ͓111͔ direction in the cubic material, is taken as the sum of a strong variable dc ͑200-800 kV/cm͒ and a weak ͑20 kV/cm͒ ac component whose frequency is varied in the 0.1-100 THz range. The real electron mobility presents a characteristic maximum peaking around 6 -10 THz, while the imaginary electron mobility presents a characteristic maximum and minimum peaking around 20-40 THz and 2-5 THz, respectively. At the highest lattice temperature explored, the electron complex mobilities for both hexagonal and cubic SiC polytypes have nearly similar frequency dependent patterns.
I. INTRODUCTION
Silicon carbide polytypes are being proposed for electronic and photonic devices operating under high temperature and high power conditions, 1 mainly due to its highly suited thermal and transport properties. 2, 3 The application is still prospective due to the difficulty in sample preparation that prevailed for several years. Strong and recent research efforts resulted from the technological advances in the SiC polytypes growth processes, 4 -6 and propelled the characterization of their band structure, electrical, and optical properties. [7] [8] [9] Their electron transport characteristics were widely studied in the past years, including the investigation of the steady-state behavior, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] high-frequency transport properties, 20 and more recently the ultrafast transient response. [21] [22] [23] [24] Strong field effects on silicon carbide polytypes were investigated either through Monte Carlo simulation, [11] [12] [13] [14] [15] 17, 18, 21 quantum transport based and Boltzmann-like equations. 10, 16, 19, [22] [23] [24] Ferry 10 pioneered the study of the low-field electron mobility behavior in 3C-SiC with varying lattice temperature. His investigation suggested a behavior for the real part of the mobility in the form of a decreasing negative power law with the lattice temperature. More recently, Tsukioka et al. 19 extended Ferry's work by studying room temperature high-field steady-state transport in 3C-SiC introducing the concept of a single equivalent isotropic valley picture in their Monte Carlo simulation procedure. They were able to calculate the electron drift velocity, which presented a gentle peak at electric fields around 4ϫ10 5 V/cm. Nilsson et al. 17 and Joshi 18 studied electron transport in 4H-SiC within the temperature range 100-500 K and 100-700 K, respectively. As in Ferry's work, 10 the results point to a reduction in the mobility as the temperature is raised. The latest improvements on the study of the steady-state transport properties of silicon carbide polytypes considered full band Monte Carlo simulation approaches.
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Mickevičius and Zhao 15 studied electron transport in 6H-, 4H-, and 3C-SiC for both the steady state ͑at 300 K and 600 K͒ and the transient regime ͑only at 300 K͒, the later being shown to extend for less than 0.2 ps. They obtained deviations from ohmic velocity-field dependence at about 20 kV/cm, with the electron mobility dependence on temperature, impurity concentration, and saturation velocities values being smaller than experimental available data. 25 In the transient regime, they point to the possibility of an overshoot in the mean electron drift velocity, which was more pronounced in 3C-SiC than in 6H-SiC and 4H-SiC. Recently, Caetano et al. 22 have studied the dc high-field (0ϽE dc Ͻ1000 kV/cm͒ transport transient in 3C-SiC using balance transport equations. They showed that the time evolution before the mean electron velocity and drift energy attain their steady-state is shorter than 0.2 ps for electric fields up to 1000 kV/cm, and an overshoot in the electron drift velocity always occurs when the applied electric field intensity is higher than 150 kV/cm. The works of Bezerra et al. 23, 24 on the high temperature behavior of subpicosecond electron transport transient in 3C-and 6H-SiC showed that the overshoot on the electron velocity depends strongly on the lattice temperature of the a͒ Author to whom all correspondence should be addressed; electronic mail: valder@fisica.ufc.br SiC polytypes, being remarkably reduced for higher temperatures.
Room temperature terahertz mobility under low acϩdc fields (Ͻ50 kV/cm͒ in SiC was studied by Weng and Lei 20 using the hydrodynamic balance equation method within the single equivalent isotropic valley model, and taking into account band nonparabolicity. They showed for 6H-SiC that the real and imaginary parts of the high frequency mobility presents peaks about 1-5 THz before decreasing to zero around 100 THz. Also, and employing the same methodology, the high temperature hot electron steady-state transport in 6H-and 3C-SiC was calculated with more details by Weng and Cui. 16 They obtained the electron drift velocity and energy versus electric field relations at 300, 600, and 1073 K, and demonstrated a shift towards high electric fields of a gentle peak in the drift velocity-electric field relation with increasing temperature. However, this work has not investigated the temperature influence on the high field acϩdc (E dc у200 kV/cm, but E ac р20 kV/cm͒ transport properties in 3C-and 6H-SiC.
There is no clear evidence on how variations in lattice temperature and SiC crystalline structure can modify the terahertz high field acϩdc transport properties. The understanding of this behavior is necessary since the SiC thermal stability at high temperatures is a remarkable characteristic for advanced technological applications, while the terahertz response to high electric fields make SiC presently to be one of the most important semiconductors for high-frequency applications of high power and high temperature operating devices. To the knowledge of the authors, data reporting high temperature effects on the hot electron transport properties in the terahertz frequency scale is minimal, at best. This information should be handy for the terahertz response of SiC under high electric fields, which is important for ultrahigh frequency advanced technological applications in high temperature environments.
The purpose of this work is to present a study on the influence of the lattice temperature in the terahertz hot electron complex mobility in 3C-and 6H-SiC subjected to a high acϩdc electric field applied along the hexagonal c-axis ͓͑111͔-direction in the cubic material͒, but with a smaller enough E ac in comparison with E dc to assure that the ac mobility does not depend on E ac . The focus on theses silicon carbide polytypes is due to their potential applications associated with their high saturation velocities, particularly in the domain of high temperature and high-speed/high-field nanostructures. The transport properties are calculated through the numerical solution of the balance transport equations in the momentum and energy relaxation time approximation. The frequency behavior of the complex mobility is shown to be structured, presenting maxima and minima depending on the lattice temperature, as well as on the dc electric field intensity. The comparison of the 3C-and 6H-SiC mobilities reveals a close pattern especially at the highest lattice temperature. This is remarkable due to the wide spread physical properties of the different polytypes.
II. MODELLING AND TRANSPORT EQUATIONS
The frequency dependent evolution of the electron transport in the SiC polytypes are investigated through the numerical solution of the following transport balance equations for the frequency dependent electron energy (,t) and drift velocity v(,t):
where (,t)͓ϭ3k B T(,t)/2͔ is the average frequency dependent electron energy, T(,t) is the electron temperature, and k b is the Boltzmann constant. The applied electric field, which is considered to be applied along the hexagonal c-axis ͓͑111͔-direction in the cubic material͒, has the form E(,t)ϭE dc ϩE ac exp(it), and during the calculations the ac-field component is kept fixed at 20 kV/cm, and the dcfield component is allowed to vary in the 200-800 kV/cm range. L is the electron thermal energy at the lattice temperature T L , q is the electric charge of the electron and m c its effective mass. Due to the parabolic band scheme underevaluation of the stationary carrier velocity and energy for fields higher than 200 kV/cm, 19 we account for band nonparabolicity considering the relation ប 2 k 2 /2m c ϭ(1ϩ␣), where ␣ is the nonparabolic band coefficient, which is 0.323 eV Ϫ1 for 3C-SiC, and ␣ϭ(1Ϫm c /m 0 ) 2 for 6H-SiC, 19, 20 where m 0 is the free space electron mass. The quantities () and p () are the energy and momentum relaxation times, respectively, which are calculated through the steady-state relations v ss ϫE dc and ss ϫE dc as obtained by Weng and Cui. 16 The calculation is carried out for 3C-SiC and 6H-SiC at lattice temperatures T L ϭ300, 673, and 1073 K considering the acoustic-deformation potential, polar-optical phonon, intervalley phonon, and ionized impurity as the main scattering mechanisms. A similar scheme has been highly successful to study transient transport, nonsteady-state dynamics and magnetic field effects on the mobility of semiconductors. 26 -31 In addition, Monte Carlo transport simulation may be highly time consuming, and the approach used here to solve Eqs. ͑1͒ and ͑2͒ requires very short computation time since at most a standard RungeKutta scheme of fourth order is necessary for their numerical solution.
III. LATTICE TEMPERATURE EFFECTS ON THE COMPLEX MOBILITY
The complex Fourier spectrum () of the timedependent electron mobility is the dynamic mobility, which can be calculated in the time period T by performing the Fourier transform of the electron drift velocity after its arrival at the steady state at the time according to
where R () and I () are the real and imaginary components of the complex electron mobility, respectively; T is the period of the oscillatory component of the electric field E(,t), v dc is the frequency independent component of the electron drift velocity ͑depending only on E dc ), and is the time necessary for both the electron drift velocity v(,t) and energy (,t) to arrive at the steady state. In the present calculations, lattice temperatures T L ϭ 300, 673, and 1073 K are considered in order to allow for a comparison with the temperature dependent transport properties of dc-biased 3C-SiC and 6H-SiC previously published. 23 The dc-field range 200-800 kV/cm, actually, was chosen taking into account the changes in the profiles of the steady-state relations v ss ϫE dc and ss ϫE dc as obtained by Weng and Cui. 16 In this dc-field range, the overshoot effect on the dc-drift velocity is highly dependent on the lattice temperature. 23 The ac applied field intensity was taken as E ac ϭ20 kV/cm, and the frequency /2 was varied between 0.1 and 100 THz.
A lattice temperature variation modifies the rate of change of the mean electron energy, which alters the time evolution of the electron drift velocity through the variation of the momentum relaxation time due to the electron scattering processes. Consequently, the complex mobility should also change with the variation of the lattice temperature, but depending highly on the frequency of the ac applied field intensity, which determines the rate of energy and momentum transfer to electrons related with the ac-field component in comparison with the electron scattering processes. The terahertz frequency behavior of the real and imaginary components of the complex mobility () as a function of the 3C-SiC ͑6H-SiC͒ lattice temperature is depicted in Figs. 1 and 2 ͑Figs. 3 and 4͒, respectively.
In both SiC polytypes, the real mobility R () can present well pronounced peaks around /2ϳ6 -10 THz depending on the dc -electric field intensity, which are very pronounced when E dc is about 200 kV/cm ͑see Figs. 1 and 3͒. These maxima are strongly smoothed when E dc increases, and almost disappear since R () increases very slowly in the frequency range studied. The effect of a lattice temperature increase is to reduce considerably the frequency dependent peak of the real mobility, as can be observed in Figs. 1 and 3 . The peak is very small when T L ϭ673 K, and disappears completely for E dc ϭ200 kV/cm when T L ϭ1073 K. In this case, R () decreases continuously for high frequencies and low enough dc -electric field intensities.
The complex mobility I () in 3C-SiC and 6H-SiC presents a characteristic maximum and minimum peaking around 20-40 and 2-5 Thz, respectively. They are more pronounced in the former than in the latter polytype, as can be observed comparing Figs. 2 and 4. Both the minima and the maxima are strongly smoothed when E dc increases. However, the former always exist in the dc -electric field intensity range investigated, while the latter disappears for E dc stronger than about 600 kV/cm. When the lattice temperature increases, the minima and maxima are considerably smoothed.
IV. CONCLUDING REMARKS
High temperature effects on the terahertz hot electron complex mobility were studied in 3C-and 6H-SiC subjected to a variable dc electric field, and an ac component which is smaller than the dc component to assure that the ac mobility does not depend on E ac . The time evolution of the electron drift velocity and energy was calculated by solving their transport balance equations within a nonparabolic band picture and considering the momentum and energy relaxation time approximation, which allowed to obtain the frequencydependent complex electron mobility through a Fourier transform of the time-dependent electron mobility. The overall effect of the lattice temperature increase in the silicon carbide polytypes was shown to reduce the electron drift velocity and energy, and to smooth down the complex mobility features ͑maxima and minima͒. An increase in the dc electric field intensity shifts the minima ͑maxima͒ of the real electron mobility toward lower frequencies, and the maxima of the imaginary electron mobility toward lower frequencies. These frequency-dependent structures are seen to smooth down with increasing lattice temperature for both polytypes. At high temperatures, the electron mobility in both polytypes are very alike, and consequently the choice among 3C-and 6H-SiC for high temperature devices must be based on the suitability of other physical properties. 
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